Introduction
============

Inflammation is a common pathological process shared by many diseases including metabolic diseases [@B1], neurodegenerative disorders [@B2], cardiovascular diseases [@B3] as well as malignant tumors [@B4]. Positron emission tomography (PET) using ^18^F-FDG (2-deoxy-2-^18^F-fluoro-D-glucose) has been successfully applied in clinics for tumor detection, staging and therapy response monitoring [@B5]. ^18^F-FDG PET can also provide useful information to evaluate focal and generalized infectious and inflammatory disorders [@B6]. However, ^18^F-FDG PET has its own limitation in differentiating tumors and non-tumor inflammatory diseases [@B7]. Therefore, intensive effort has been made to identify more tumor specific PET imaging tracers [@B7]. Vice versa, inflammation specific imaging tracers are also needed to provide more accurate diagnosis of inflammatory diseases and better understanding of the pathological process.

It has been known that macrophage infiltration into inflammatory foci is one key step in inflammation progression [@B4]. After being activated, the recruited macrophages will act either as defenders against invasive pathogens, or as promoters to stimulate local inflammatory reaction by releasing different types of chemokines and cytokines. In the later phase, macrophages help to attract and activate endothelia cells, resulting in the formation of new blood vessels in inflammatory foci. Therefore, macrophage targeted PET imaging tracers have been developed to evaluate inflammation diseases [@B8], [@B9].

One of the macrophage related targets is the translocator protein (TSPO), or formerly known peripheral benzodiazepine receptor (PBR). TSPO is located on the outer mitochondrial membrane of many types of cell including macrophages, neutrophils, and lymphocytes. Recently, TSPO targeted PET has been applied mainly for neuroinflammation imaging such as stroke [@B10], [@B11], traumatic brain injury [@B12] and Alzheimer\'s disease [@B13]. PET imaging studies in atherosclerosis inflammation [@B14], [@B15] and arthritis [@B8], [@B9] have also been reported with TSPO specific tracers. Most studies used the first generation of TSPO targeting PET tracers, such as ^11^C-PK11195 or ^11^C-PBR28. However, the short half-live of ^11^C (t~1/2~= 20.38 min) and inherent low sensitivity of these tracers greatly hampered their further applications [@B16]. ^18^F-DPA-714 is a new generation of TSPO targeting PET tracers, and has been reported to have increased binding affinity, higher signal-to-noise ratio and low lipophilicity [@B10], [@B17]. So far, ^18^F-DPA-714 has been successfully used in many types of neuroinflammatory diseases [@B10], [@B11], [@B17], [@B18]. However, for inflammation in peripheral tissues, no study has been reported using ^18^F-DPA-714 PET imaging.

As mentioned above, macrophage also plays a key role in inflammatory angiogenesis in many types of inflammatory diseases, such as arthritis [@B19] and diabetic retinopathy [@B20]. Anti-macrophage therapies showed optimistic results in some inflammatory diseases [@B21]. Therefore, visualization of inflammatory angiogenesis may provide useful information for diagnosis of inflammatory disease as well as for therapy evaluation of anti-macrophage or anti-angiogenesis treatment. RGD peptide with a sequence of three amino acids Arg-Gly-Asp is one integrin α~v~β~3~ specific ligand. Radiolabeled RGD has been used extensively for PET imaging tumor angiogenesis [@B22], [@B23], but only a few studies were reported in the realm of non-tumor inflammatory diseases [@B24], [@B25].

In this study, we performed longitudinal PET imaging using both ^18^F-DPA-714 and ^18^F-Alfatide II (^18^F-AlF-NOTA-E\[PEG~4~-c(RGDfk)\]~2~) in a mouse model of peripheral tissue inflammation. We aimed to monitor the uptake patterns of ^18^F-DPA-714 in muscular inflammation model, and evaluate the potential of ^18^F-DPA-714 in differential diagnosis of inflammations and tumors. We also evaluated the value of ^18^F labeled RGD peptide, in PET imaging of inflammatory angiogenesis, and further investigated the role of macrophage in inducing new blood vessel formation in inflammatory reactions.

Methods
=======

Preparation of Radiotracers
---------------------------

### Synthesis of ^18^F-DPA-714

Automated syntheses of ^18^F-DPA-714 were carried out using a slightly modified TRACERLab FX-FN module (GE Medical Systems, Germany). In brief, the aqueous solution (typically 200 -400 *µ*L, 103 - 133 mCi) containing \[^18^F\] fluoride anions was sucked through the Chromafix^®^(Macherey-Nagel, prepared by washing with 2 mL of ethanol and then rinsing with 4 mL of water) under vacuum. Trapped ^18^F-fluoride was eluted from the cartridge and transferred to the reaction vessel with an eluent solution containing K~2~CO~3~ (3 mg in 300 *µ*L of pure water), acetonitrile (500 *µ*L), and 10 mg of Kryptofix-222 (K~222~, 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo \[8.8.8\] hexacosane). The reaction mixture was evaporated to dryness after addition. Then tosylate substrate (3 - 4 mg) was dissolved in dimethyl sulfoxide (0.6 mL), and the mixture was transferred to the dry ^18^F-labeled KF-K~222~complex and allowed to react at 165 ^o^C for 5 min. On completion, the reaction mixture was diluted with semi-preparative HPLC solvent (2 mL) and passed through a Sep-Pak^®^ light Alumina N cartridge (Waters, prepared by washing with 4 mL of ethanol and then rinsing with 8 mL of water). The crude solution was injected into a Phenomenex Luna 5 *μ* C^18^ semi-preparative reversed-phase HPLC column (250 × 10 mm), with a mobile phase of H~2~O and acetonitrile (55/45, v/v) at a flow rate of 4.0 mL/min. The retention time (t*~R~*) of ^18^F-DPA-714 was determined to be 21 min. The final formulation of the tracer is performed automatically using a Sep-Pak^®^Plus C^18^-based system. The yield is 24 ± 3% with a specific activity of 41 - 107 GBq/*µ*mol (n = 8). The excess ethanol was removed through rotary evaporation and concentrated to 250 - 350 *µ*L. The tracer was delivered and diluted with PBS for final formulation and animal study.

### Synthesis of ^18^F-Alfatide II

Radiolabeling of Alfatide II was performed with a similar procedure reported previously [@B26]. The total synthesis time was about 30 min with radiochemical yield of 40-60% and radiochemical purity \> 95%. The specific activity was about 14.8-37 GBq/µmol at the end of synthesis based on the amount of peptide used and the amount of radioactivity trapped on the C-18 column.

Cell culture
------------

Mouse macrophage cell line RAW 264.7, human lung carcinoma cell line A549, human colon cancer cell line HT29, human brain glioblastoma cell line U87MG, rat insulinoma cell line INS-1 and mouse breast cancer cell line 4T1 were obtained from the American Type Culture Collection (ATCC, Manassas, VA). RAW 264.7, A549 and 4T1 cells were grown in DMEM culture medium, HT29 and INS-1 cells were grown in RPMI-1640 culture medium, and U87MG cells were grown in MEM culture medium. All culture mediums (Invitrogen, Carlsbad, CA) were supplemented with 10% (v/v) fetal bovine serum (FBS, Invitrogen), 100 IU/ml penicillin and 100 μg/ml streptomycin (Invitrogen) at 37°C in a humidified atmosphere containing 5% CO~2~.

Macrophage cell uptake and efflux assay
---------------------------------------

For cell uptake of ^18^F-DPA-714 and ^18^F-Alfatide II, RAW 274.7 cells were seeded into 24-well plates at a density of 1×10^5^ cells per well and incubated with 18.5 kBq (0.5 μCi) per well of ^18^F-DPA-714 (with or without 5ng/ml PK11195 co-culturing for blocking) or ^18^F-Alfatide II at 37°C for 15, 30, 60, and 120 min. The cells were then washed three times with cold phosphate buffered saline (PBS) and lysed with 500 μl 0.1 N sodium hydroxide (NaOH). The cell lysate in each well were then collected and measured in a γ counter (Wallac Wizard 1480, PerkinElmer Inc.). For efflux studies of ^18^F-DPA-714, RAW 274.7 cells seeded into 24-well plates were incubated with 18.5 kBq (0.5 μCi) per well of ^18^F-DPA-714 at 37°C for 120 min. Then cells were washed twice with cold PBS, and incubated with DMEM medium for 15, 30, 60, 120 min. The cells were then washed three times with cold PBS and lysed with 500 μl 0.1 N NaOH for gamma counter measurement. The cell uptake was expressed as the percent added dose (% AD) after decay correction. Experiments were performed in triplicates.

Animal models
-------------

The animal study protocol was in accordance with the principles and procedures outlined in the Guide for the Care and Use of Laboratory Animals and approved by the Institutional Animal Care and Use Committee of the Clinical Center, National Institutes of Health (Animal protocol NIBIB 13-01). Mouse hind limb inflammation models and 4T1 xenograft tumor models were prepared in 6-8-wk-old female FVB mice, and A549, HT29, U87MG, INS-1 xenograft tumor models were inoculated in 6-8-wk-old female athymic nude mice. For mouse hind limb muscular inflammation model, 20 μl oil of turpentine (Sigma-Aldrich, USA) was injected into the left thigh muscle of each mouse (day 0) using a 30-gauge hypodermic needle. For tumor models, about 5×10^6^ tumor cells of A549, HT29, U87MG, INS-1 and 4T1 were inoculated in mouse flanks respectively. The tumor growth was monitored by caliper measurement and tumor volumes were estimated by the formula of a× b^2^ / 2, in which a and b was the length and width of the tumor, respectively, in millimeters. All mice were maintained in the Animal Facility in NIH under specific pathogen-free conditions and a 12h/12h light-dark cycle. Food and water could be accessed *ad-libitum*.

Macrophage depletion
--------------------

Mouse macrophage depletion was done by intravenous (i.v.) injection of liposomal clodronate (Clophosome, FormuMax Scientific Inc., USA). Three days after turpentine oil injection, mice (two groups, 4 mice in each group) received 1.4 mg (200 µl) liposomal clodronate, and then 0.7 mg (100 µl) every 2-3 days (scheme 1). Another four mice received 1.4 mg (200 µl) liposomal clodronate started 2 days before turpentine oil injection, and then 0.7 mg (100 µl) every 2-3 days (scheme 2).

PET imaging
-----------

PET scans and image analysis were performed using an Inveon small animal PET scanner (Siemens Preclinical Solutions). For ^18^F-DPA-714 static PET imaging, a 10-minute acquisition was performed at 1 h after tail vein injection of about 5.56 MBq (150 μCi) ^18^F-DPA-714 on day 1, 3, 6, 10, 14, 19 and 26 after turpentine oil injection. For PK11195 displacement of ^18^F-DPA-714 uptake, 5mg/kg PK11195 (in purified water) were injected via tail vein at 25-min during a 1-h dynamic PET acquisition procedure on day 3. For ^18^F-Alfatide II PET imaging, a 10-minute acquisition was performed at 1 h after injection of about 5.56 MBq (150 μCi) ^18^F-Alfatide II on day 1, 2, 4, 8, 12, 16 and 26 after turpentine oil injection. For RGD blocking imaging, unlabeled NOTA-PRGD2 peptide (10 mg/kg) was injected 10 min before ^18^F-Alfatide II injection on day 9. For PET imaging of macrophage depletion groups, one group of mice under macrophage depletion scheme 1 went through ^18^F-DPA-714 PET imaging (1 h after tracer inj.) on day 6, 10 and 14 after turpentine oil injection, while the other group of mice under scheme 1 and the group under scheme 2 went through ^18^F-Alfatide II PET imaging (1 h after tracer inj.) on day 12 after turpentine injection. For A549, HT29, U87MG, INS-1 and 4T1 tumor model mice, ^18^F-DPA-714 PET imaging was performed at 1 h after tracer injection when the tumor volume reached 100-300 mm^3^ (3-5 weeks after inoculation)

The images were reconstructed using a two-dimensional ordered-subsets expectation maximization (2-D OSEM) (for ^18^F-DPA-714 images) or 3-D OSEM (for ^18^F-Alfatide II images) algorithm without attenuation or scattering correction. Three-dimensional Regions of Interests (3D-ROIs) were placed on the inflammatory muscles or tumors, and a threshold of 40% of the maximum uptake was used for the final ROI drawing. Assuming a tissue density of 1 g/mL, the radioactivity contained in the ROI was divided by the dose administered to the animal and the volume of the ROI to obtain an imaging ROI-derived % ID/g.

Autoradiography
---------------

*In vitro* autoradiography was performed on cryosecitons of the inflammatory muscle samples collected on day 1, 6 and 22 after turpentine injection. The samples was embedded and frozen in CRYO-OCT compound (Tissue-Tek) and serial 10 μm sections were obtained using a cryostat (UltraPro 5000, Vibratome, St. Louis, MO, USA). Cryosecitons were fixed using buffered zinc *formalin* fixatives (Z-fix, Anatech Ltd.) for 10 minutes, followed by 5 min PBS wash. Each sample was incubated with 18.5 kBq (0.5 μCi) ^18^F-DPA-714 with or without PK11195 (50 ng per sample) for 30min in Tris buffer, and then rinsed 2 times with PBS for 2 min each time, followed by a quick wash in distilled water. After quick dry, sections were placed in direct contact with a Phosphor-Imager screen. After overnight exposure, images were developed in a Cyclone Plus Storage Phosphor System (PerkinElmer, Shelton, CT, USA).

Immunohistochemistry
--------------------

The inflammatory muscles of mice on day 1, 6 and 12 after turpentine injection and A549, HT29, U87MG, INS-1, 4T1 tumors was collected and embedded and frozen in CRYO-OCT compound. Cryosecitons with thickness of 10 μm were fixed in Z-Fix for 10 minutes, then rinsed with PBS and blocked with 2% bovine serum albumin (BSA) for 30 minutes at room temperature. Inflammation muscle slices were incubated with rabbit anti-CD68 antibody (1:100; Abcam, USA) or rat anti-CD31 antibody (1:100, BD Biosciences) or rabbit anti-PBR antibody (1:100; Abcam, USA) over night at 4 ºC. After 10 min PBS wash for 3 times, slices were incubated with Cy3-conjugated anti-rabbit or FITC-conjugated anti-rat secondary antibodies (1:200; Jackson ImmunoResearch Laboratories, West Grove, PA) for 30 min at dark room in room temperature followed by 10 min PBS wash for 3 times. Tumor tissue sections were incubated with rabbit anti-PBR antibody (1:100; Abcam, USA) for 1 h and then with Cy3-conjugated anti-rabbit secondary antibodies (1:200; Jackson ImmunoResearch Laboratories) for 30 min at dark room in room temperature followed by 10 min PBS wash for 3 times. All slices were mounted with VECTASHIELD^®^ mounting medium containing DAPI and covered with cover slides before visualization under an epifluorescence microscopy (IX-81, Olympus).

Statistical analysis
--------------------

Quantitative data are expressed as mean ± SD. Means were compared using the Student\'s t test. *P* values of \< 0.05 were considered statistically significant.

Results
=======

RAW 264.7 cell uptake and efflux studies
----------------------------------------

Both ^18^F-DPA-714 and ^18^F-Alfatide II were synthesized successfully with high specific activity. Prior to *in vivo* imaging, we evaluated uptake of the tracers in murine macrophage cell line RAW246.7 cells with a standard cell uptake and efflux assay. ^18^F-DPA-714 showed a very high uptake with the cells and the level reached a maximum of 45.55 ± 0.02 % of added dose (AD) at 1 h time point and kept the similar high level till 2 h. With the presence of PK11195 as a competitor, uptake of ^18^F-DPA-714 decreased remarkably to 1.27 ± 0.00 %AD at 1 h (p \< 0.001). The results indicated that ^18^F-DPA-714 efficiently accumulates in macrophages with high specificity to the target protein TSPO. After 2 h incubation with ^18^F-DPA-714 and medium change, RAW246.7 cells showed decreased radioactivity retention along with time. However, there is still decent level of tracer retention with 1 h efflux (21.55 ± 2.05 %AD, around 50 %) **(Figure [1](#F1){ref-type="fig"}A)**. With ^18^F-Alfatide II, although we observed increased cell uptake along with time, the level was pretty low with the highest uptake of only 0.18 ± 0.03 % AD at 2 h after incubation **(Figure [1](#F1){ref-type="fig"}B)**.

Longitudinal PET imaging of muscular inflammation
-------------------------------------------------

Next we performed longitudinal PET imaging in a turpentine induced mouse muscular inflammation model using ^18^F-DPA-714 to target TSPO and ^18^F-Alfatide II to evaluate angiogenesis. As shown in **Figure [2](#F2){ref-type="fig"}A&B**, after turpentine injection, the inflammatory muscles showed significantly increased local accumulation of ^18^F-DPA-714 compared with the collateral muscle. The uptake peaked on day 6 (4.02 ± 0.64 %ID/g), then dropped slowly along with time till day 26, which was still higher than that in collateral muscle. We also performed 1 h dynamic ^18^F-DPA-714 PET imaging with PK11195 displacement on day 3 after turpentine injection. Reflected by the time activity curves (TACs), ^18^F-DPA-714 uptake was significantly displaced by a blocking dose of PK11195 (5mg/kg) at 25 min after ^18^F-DPA-714 injection, while the contralateral normal muscle stayed at the same low uptake level, unaffected by PK11195 injection **(Figure [2](#F2){ref-type="fig"}C, D)**. The results further confirmed the specificity of ^18^F-DPA-714 for TSPO evaluation.

To confirm *in vivo* PET imaging, we also performed *in vitro* ^18^F-DPA-714 autoradiography with inflammatory muscle samples. The autoradiograph results showed similar trend with PET imaging. Moreover, ^18^F-DPA-714 uptake by all inflammatory muscle samples could be blocked by co-incubation with PK11195 **([Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S1)**. We also evaluated macrophage infiltration in inflammatory samples by immunostaining of the macrophage marker, CD68. Sections of inflammatory muscles obtained at day 6**([Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S2B)** after turpentine injection showed higher degree of CD68 staining of macrophage compared to day 1 (**[Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S2A**). Sections of day 6 inflammatory muscles under macrophage depletion treatment (**[Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S2C**) showed lower CD68 staining signal compared to day 6 inflammations without macrophage depletion.

For ^18^F-Alfatide II PET imaging, the inflammatory muscle also showed increased local accumulation. The highest ^18^F-Alfatide II uptake was seen on day 12 (1.87 ± 0.35 %ID/g) after turpentine injection **(Figure [3](#F3){ref-type="fig"}A, B)**, which is about 6 days later than that of ^18^F-DPA-714. ^18^F-Alfatide II uptake in inflammatory muscles could be blocked by unlabeled dimeric RGD peptide administered 10 min before tracer injection **(Figure [3](#F3){ref-type="fig"}C, D)**. The increased angiogenesis was confirmed with immunofluorescence staining against CD31, an endothelial cell marker. The fluorescence signal in inflammatory muscle sections obtained on day 12 after turpentine injection is much higher than that in samples obtained on day 1 (**[Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S2D, E**).

PET imaging of inflammation after macrophage depletion
------------------------------------------------------

Since TSPO is overexpressed on macrophages, it is reasonable to deduce that the high uptake of ^18^F-DPA-714 in inflammatory muscles is macrophage related. Therefore, we performed ^18^F-DPA-714 PET after macrophage depletion with i.v. injection of liposomal clodronate. With treatment scheme 1, uptake of ^18^F-DPA-714 in inflammatory muscles was significantly lower on day 6 and day 10 compared to that in untreated mice at the same day (3.30 ± 0.18 v.s. 4.02 ± 0.64 %ID/g, *P* = 0.02 and 3.16 ± 0.32 v.s. 3.70 ± 0.43 %ID/g, *P* = 0.03, respectively). However, on day 14 after turpentine injection, no significant difference of ^18^F-DPA-714 in inflammatory muscles was observed **(Figure [4](#F4){ref-type="fig"}A)**.

After macrophage depletion by scheme 1, inflammatory uptake of ^18^F-Alfatide II was also significant decreased on day 12 compared to that in untreated mice at the same day (1.49 ± 0.13 v.s. 1.87 ± 0.35 %ID/g, *P* = 0.03). Under macrophage depletion scheme 2, the uptake was even lowered (0.98 ± 0.19 v.s. 1.87 ± 0.35 %ID/g, *P* = 2.97×10^-4^) **(Figure [4](#F4){ref-type="fig"}B)**. The effect of macrophage depletion on inflammatory angiogenesis was further confirmed by immunostaining against CD31. Sections of day 12 inflammatory muscles under macrophage depletion showed lower CD31 staining signal compared to day 12 inflammations without macrophage depletion (**[Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S2E, F**)

^18^F-DPA-714 PET imaging of tumors
-----------------------------------

Macrophage infiltration is also well-known in solid tumors, thus we chose several tumor models and performed PET imaging with ^18^F-DPA-714. As shown in **Figure [5](#F5){ref-type="fig"}**, ^18^F-DPA-714 showed variant uptake in different types of tumor. Among them, A549 tumors showed the lowest uptake with a value of 0.46 ± 0.28 %ID/g. U87MG tumors showed the highest ^18^F-DPA-714 accumulation (1.69 ± 0.67 %ID/g). HT29, INS-1 and 4T1 showed similar uptake value in between (0.91 ± 0.08, 1.13 ± 0.33, 1.22 ± 0.55 %ID/g, respectively). All these values were significantly lower than that in inflammatory muscles from day 3 to day 26 after turpentine injection. Immunofluorescence staining against TSPO in these tumor sections also showed much lower fluorescence signal than inflammatory muscle sections obtained on day 7 after turpentine injection (**[Supplementary Material](#SM1){ref-type="supplementary-material"}: Figure S3**).

Discussion
==========

As a new generation of TSPO targeted radioligand, ^18^F-DPA-714 has been mainly used in PET imaging of neuroinflammatory diseases [@B10], [@B11], [@B17], [@B18]. To the best of our knowledge, ^18^F-DPA-714 has not been applied to image peripheral tissue inflammatory diseases, although PET studies in atherosclerosis inflammation [@B14], [@B15] and arthritis [@B8], [@B9] have been reported with some other types of TSPO specific tracers. In this study, by using a mouse model of muscular inflammation induced by turpentine oil, we investigated the feasibility of ^18^F-DPA-714 PET in evaluation of peripheral tissue inflammations. We found that ^18^F-DPA-714 showed specific uptake in inflammatory muscles, especially after day 3 upon turpentine oil injection. This uptake trend was in accordance with the time window of macrophage infiltration into inflammatory foci. Because focal turpentine oil acted as constant stimuli which was difficult to be eliminated by inflammatory cells, inflammatory muscle would turn to chronic inflammation at day 3-6 post inflammation modeling [@B27]. In acute inflammation phase which is 1-2 days after turpentine oil injection, lymphocytes and neutrophils are the major cell population within inflammatory foci. These cells will change to monocyte/macrophage lineage during chronic inflammatory phase [@B28]. Therefore, ^18^F-DPA-714 uptake reached the peak level on day 6, while tracer accumulation was low on day 1 after turpentine oil injection. Combined with the confirmative data from immunostainging and autoradiography, we demonstrated that longitudinal PET imaging with ^18^F-DPA-714 reflected the dynamic of macrophage infiltration during the inflammatory reaction.

Liposomal clodronate is widely used as a macrophage depletion agent in many types of inflammatory conditions [@B29], [@B30]. Using i.v. injection of liposomal clodronate, it was supposed to deplete the whole body macrophages including those infiltrated into inflammatory muscles [@B31]. With lower level of macrophage in inflammatory muscle, our imaging successfully showed the decreased level of ^18^F-DPA-714 uptake within inflammation foci, further suggesting ^18^F-DPA-714 was targeted to infiltrated macrophages in the inflamed muscles. Macrophage depletion has been an effective way of treating certain inflammatory diseases [@B32]-[@B34]. Our study may provide the feasibility of using TSPO targeted PET imaging to monitor macrophage depletion in muscular inflammation.

TSPO specificity of ^18^F-DPA-714 was further confirmed by PK11195 displacement as well as *in vitro* autoradiography study using PK11195 as a blocking agent. ^18^F-DPA-714 binding was rapidly displaced from the inflammatory muscle by an excess amount of PK11195. However, after displacement, ^18^F-DPA-714 uptake in inflammatory muscles was still higher than that in normal muscles (2.91 ± 0.45 %ID/g and 1.47 ± 0.24 %ID/g, respectively, *P* \< 0.04), indicating the displacement was incomplete. This phenomenon may be explained by the lower binding affinity of PK11195 to macrophage TSPO [@B18]. Besides, it is not clear whether PK11195 and DPA-714 share the exactly same binding site on TSPO.

Chronic inflammation and angiogenesis is interrelated. In chronic inflammation phase, more vasculature is formed under the influence of various angiogenic cytokines and chemokines released from infiltrated lymphocytes [@B35]. Several anti-macrophage treatments have been investigated in different inflammatory disorders including arthritis [@B32], [@B36], encephalomyelitis [@B33], and colitis [@B34]. Many of those macrophage related therapies actually took into effects through anti-angiogenesis. In this study, we found that uptake of ^18^F-Alfatide II showed similar trend with that of ^18^F-DPA-714 in this inflammation model but with a delayed peak time (12 days v.s. 6 days). In fact, the imaging result from ^18^F-Alfatide II was consistent with that we reported before in a mouse ear inflammation model [@B24]. The concomitant longitudinal PET imaging with both ^18^F-DPA-714 and ^18^F-Alfatide II in this study may provide help to reveal the causal relationship between macrophage infiltration and angiogenesis. Meanwhile, we found inflammatory angiogenesis was prohibited after macrophage depletion, and different treatment scheme may induce different extent of angiogenesis prohibition. In mice receiving macrophage depletion started 2 days before turpentine oil injection (scheme 2), the inflammatory muscles showed lower ^18^F-Alfatide II uptake compared to that in mice receiving macrophage depletion started on day 3 after turpentine oil injection (scheme 1). It is possible that macrophage depletion before inflammation occurrence might probably pre-condition the whole environment for future inflammation progression, causing even less macrophage infiltration and inflammatory angiogenesis afterwards. It is foreseeable that one major potential application of these imaging strategies is to provide guidance for anti-macrophage drug development and therapy response monitoring.

In addition to macrophages, TSPO levels are also elevated in many types of cancer cells and tumors including breast, ovary, colon and prostate cancer [@B37]. Using immunohistochemistry and autoradiography, one study reported moderate to high TSPO expression level in some breast cancer cells as well as tumor stromal cells, indicating a mixed TSPO expression pattern within tumors [@B38]. However, in this study, all five types of tumors showed very low tumor uptake of ^18^F-DPA-714 (from 0.46 ± 0.28 to 1.69 ± 0.67 %ID/g), which were significantly lower than inflammatory muscle uptake from day 3 to day 26 after turpentine oil injection (from 2.77 ± 0.64 to 4.02 ± 0.64 %ID/g). One possible explanation is that majority of tumor associated macrophages are M2-polorized [@B39] and show different phenotype from the classically-activated type 1 macrophages (M1) [@B40]. Therefore, ^18^F-DPA-714 seemed to have the potential of differentiating tumors from other inflammatory diseases, although further substantiation is still needed.

Conclusion
==========

In this study, we performed longitudinal PET imaging using ^18^F-DPA-714 and ^18^F-Alfatide II to evaluate macrophage infiltration and inflammatory angiogenesis in a mouse model of muscular inflammation. We also evaluated the differential diagnostic ability of ^18^F-DPA-714 PET in tumor and non-tumor inflammatory lesions. The results supported the feasibility of ^18^F-DPA-714 as a TSPO targeting tracer to monitor the dynamics of macrophage activation and infiltration in different stages of inflammatory diseases. The concomitant longitudinal PET imaging with both ^18^F-DPA-714 and ^18^F-Alfatide II matched the causal relationship between macrophage infiltration and angiogenesis. Moreover, we found ^18^F-DPA-714 uptake in several types of tumors is significantly lower than that in inflammatory muscles, suggesting ^18^F-DPA-714 PET has the potential for better differentiation of tumor and non-tumor inflammation.
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![(A) Cell uptake and efflux of ^18^F-DPA-714 in RAW264.7 cells with or without blocking agent PK11195 (n = 3, mean ± SD). (B) Cell uptake of ^18^F-Alfatide II in RAW264.7 cells (n = 3, mean ± SD).](thnov04p0546g001){#F1}

![(A) ^18^F-DPA-714 PET imaging of mouse muscular inflammation model on day 1, 6 and 26 after turpentine oil injection. White boxes indicate inflammatory muscles. (B) PET images based quantitative analysis of ^18^F-DPA-714 uptake in inflammatory muscles on day 1, 3, 6, 10, 14, 19 and 26 after turpentine oil injection. Peak uptake was seen on day 6 (4.02 ± 0.64 %ID/g). (C) Time activity curves (TACs) of inflammatory muscles from 1 h ^18^F-DPA-714 dynamic PET imaging with PK11195 displacement. (D) Representative transaxial PET images of ^18^F-DPA-714 uptake in inflammatory muscle before and after K11195 displacement.](thnov04p0546g002){#F2}

![(A) ^18^F-Alfatide II PET imaging of mouse muscular inflammation model on day 1, 12 and 26 after turpentine oil injection. White boxes indicate inflammatory muscles. (B) PET images based quantitative analysis of ^18^F-Alfatide II uptake in inflammatory muscles on day 1, 2, 4, 8, 12, 16 and 26 after turpentine oil injection. Peak uptake was seen on day 12 (1.87 ± 0.35 %ID/g). (C) Quantification of ^18^F-Alfatide II uptake in inflammatory muscles on day 9 after turpentine injection with or without cold RGD blocking. (D) Representative transaxial PET images of ^18^F-Alfatide II uptake in inflammatory muscle without and with cold RGD blocking.](thnov04p0546g003){#F3}

![(A) PET imaging based quantification of ^18^F-DPA-714 uptake in inflammatory muscles at day 6, 10 and 14 after turpentine oil injection with or without macrophage depletion. The mice received 1.4mg (200µl) liposomal clodronate on day 3 after turpentine oil injection and then 0.7 mg (100 µl) every 2-3 days (Scheme 1). (B) Quantification of ^18^F-Alfatide II uptake in inflammatory muscles on day 12 after turpentine oil injection under different macrophage depletion methods. Mice with treatment scheme 2 (1.4 mg liposomal clodronate started 2 days before turpentine oil injection and then 0.7 mg every 2-3 days) showed even lower uptake compared to mice with treatment scheme 1 (1.4 mg liposomal clodronate started on day 3 and then 0.7 mg every 2-3 days).](thnov04p0546g004){#F4}

![(A) ^18^F-DPA-714 PET imaging of mice bearing A549, HT29, U87MG, INS-1, 4T1 tumors. (B) Quantitative analysis of different tumor uptakes of ^18^F-DPA-714 compared to inflammation ^18^F-DPA-714 uptake on day 6 after turpentine injection.](thnov04p0546g005){#F5}
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